Pooling design is an important research topic in bioinformatics due to its wide applications in molecular biology, especially DNA library screening. In this paper, with unitary spaces over finite fields, we present two new constructions whose efficiency ratio, i.e., the ratio between the number of tests and the number of items, is smaller than some of existing construction.
Introduction
A recent important research area in molecular biology is the study of gene functions. Such a study is often supported by a high quality DNA library which usually obtained through a large amount of testing and screening. Consequently, the efficiency of testing and screening becomes critical to the the success and ultimately the impact of the study. Pooling design is a data mining method which can deal with data in such an efficient way so that the number of tests can be reduced significantly. For example, the Life Science Division of Los Alamos National Laboratories reported [7] that they was facing 220,000 clones in their study and did only 376 tests with help from pooling design while individual testing requires 220,000 tests.
In pooling design, a clone is also referred as an item. Suppose we face a set of n items with some positive ones. The problem is to identify all positive items with a smaller number of tests. There are several models of pooling design with different testing mechanisms for different applications [1]. The classical model has a simplest testing mechanism. Each test is on a subset of items, called a pool. When the pool contains a positive items, the test-outcome is positive; otherwise, the test-outcome is negative. Usually, the pooling design requires that all pools are constructed at the beginning of testing so that all tests can be performed simultaneously. Therefore, a pooling design can be represented by a binary matrix. Such a binary matrix has rows indexed with pools and columns indexed with items and the entry at intersection of row p i and column j is 1 if and only j ∈ p i .
A pooling design or corresponding binary matrix is said to be d e -disjunct if for any d + 1 columns of j 0 , j 1 , ..., j d , there exist e + 1 rows p i1 , ..., p ie+1 in each of which the entry at column j 0 is 1 and entries at j 1 , ..., j d are 0s. Every d edisjunct pooling design can identify up to d positive items in the situation that there may exist at most e errors in test-outcomes. Furthermore, a d e -disjunct matrix is said to be fully d e -disjunct if in addition, it is not (d ) e -disjunct for d > d or e > e.
There are several constructions for the d e -disjunct pooling design and for the fully d e -disjunct pooling design [2, 3, 4, 5, 6, 8, 9, 10] . In this paper, we present two new constructions. Those constructions are based on study of unitary spaces over finite fields. We will show that those constructions can provide some pooling designs with smaller ratio between the number of pools and the number of items, compared with some important existing constructions.
Unitary Space
Let F q 2 be a finite field with q 2 elements, where q is a power of a prime. F q 2 has an involutive automorphism a →ā = a q , and the fixed field of this automorphism is F q . Let n = 2ν + δ, where δ = 0 or 1, and let
The unitary group of degree n over F q 2 , denoted by U n (F q 2 ), consists of all
The vector space F (n) q 2 together with the above group action of the unitary group U n (F q 2 ), is called the n-dimensional unitary space over F q 2 . An m-dimensional subspace P is said to be of type (m, r), if P K(P ) t is of rank r. In particular, subspaces of type (m, 0) are called m-dimensional totally isotropic subspaces.The subspaces of type (m, r) exist if and only if 2r ≤ 2m ≤ n + r. The subspace
